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Description 

[ACTIVE- MATRIX ORGANIC 
ELECTROLUMINESCENT DISPLAY PANEL 
AND FABRICATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92107721, filed on April 4, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a structure of a display 
panel and a fabricating method of the same. More partic- 
ularly, the present invention relates to a structure of an 
active-matrix organic electroluminescent display panel 
and a fabricating method of the same. 

[0004] Description of the Related Art 

[0005] Organic electroluminescent (OEL) displays are light, thin 
and readily portable like liquid crystal displays (LCD) are, 
but do not need an additional backlight source, and 



therefore are getting more and more attention in the mar- 
ket. OEL displays can be divided into active-matrix OEL 
displays and simple-matrix OEL displays, wherein the ac- 
tive-matrix ones are preferred because they emit light 
continuously and can be driven by lower voltages. 

[0006] Among the active-matrix OEL displays, those utilizing a-S\ 
thin film transistors (TFT) can be manufactured at lower 
cost, and in larger size because of the better uniformity in 
manufacturing processes. However, due to the low electri- 
cal conductivity of a-S\ material, only N-type TFTs are 
formed in an active-matrix OEL display, and the design of 
circuit interconnection is therefore restricted. In one op- 
tion, the source of a TFT is connected with the anode of 
an organic light-emitting diode (OLED). However, when 
the voltage across the TFT is shifted, the voltage on the 
gate electrode will affect the voltage on the source to 
cause an unstable current through the OLED. In another 
option, the drain of a TFT is connected with the cathode 
of an OLED, so the current through the OLED is not af- 
fected by the voltage on the drain. 

[0007] The process for fabricating an OEL display element with 

the second option mentioned above is illustrated in FIG. 1. 
A TFT 110 consisting of a gate 102, a gate insulator 104, 



a channel layer 106, a source 108a and a drain 108b is 
formed on a substrate 100, and a passivation layer 112 is 
formed over the substrate 100. Then, a metal electrode 
layer 116 is formed on the passivation layer 112 as the 
cathode of an OLED, electrically connecting with the drain 
108b through an opening 114. An electron transporting 
layer 118, an emitting layer 120, a hole transporting layer 
122 and a hole injection layer 124 are sequentially formed 
on the metal electrode layer 116 to constitute an organic 
function layer 126 together. Thereafter, a transparent 
conductive layer 128 is formed on the organic function 
layer 126 as the anode of the OLED. 

[0008] However, the OEL display element illustrated in FIG. 1 has 
some problems described below. 

[0009] Conventionally, an OLED is formed by sequentially stack- 
ing a transparent conductive layer, a hole injection layer, 
an emitting layer, an electron transporting layer and a 
metal electrode layer, wherein the electron transporting 
layer usually includes 

Tri(8-Quinolinolato-N108)Aluminum (Alq3), and the 
metal electrode layer includes a LiF/AI composite layer. 
After the electron transporting layer and the metal elec- 
trode layer are formed, aluminum is usually formed on the 



metal electrode layer with a sputtering process. The sput- 
tering energy is capable of driving lithium atoms from the 
LiF layer to the electron transporting layer, and the lithium 
atoms bond with the Alq3 complexes in the electron 
transporting layer to enhance the efficiency of electron in- 
jection. 

[0010] However, when the structure illustrated in FIG. 1 is 

adopted in consideration of the advantage of connecting 

the drain of the TFT and the cathode of the OLED, the 

metal electrode layer is formed prior to the electron 

transporting layer. Therefore, lithium atoms are not driven 

into the electron transporting layer, and the luminescence 

efficiency of the OEL display panel cannot be enhanced. 
Summary of Invention 

[001 1] | n V j ew 0 f the foregoing, this invention provides an active- 
matrix organic electroluminescent display panel and a 
fabricating method of the same, wherein the cathode of 
an OLED is connected with the drain of the corresponding 
TFT to reduce the affection of the gate voltage to the cur- 
rent through the OLED when the voltage across the TFT is 
shifted. 

[0012] T n j S invention also intends to dispose/form the metal 

electrode layer on the organic function layer in an active- 



matrix OEL display panel and a fabricating method of the 
same, so that some metal atoms can be driven into the 
electron transporting layer during the sputtering process 
for forming the metal electrode layer. Therefore, the effi- 
ciency of electron injection in the OLEDs can be enhanced. 

[0013] Moreover, in the active-matrix OEL display panels of this 
invention and the fabricating methods of the same, a 
transparent conductive layer is firstly formed covering the 
substrate to serve as a common anode for all OLEDs be- 
fore the TFTs are formed. 

[0014] a method for fabricating an active-matrix OEL display 

panel of this invention is described as follows. A transpar- 
ent conductive layer is formed on a substrate to serve as a 
common anode for all OLEDs that will be formed later, 
and a passivation layer is formed on the transparent con- 
ductive layer. Gate electrodes are formed on the passiva- 
tion layer, and a gate insulator is formed covering the 
gate electrodes. Thereafter, openings are formed in the 
gate insulator and the passivation layer to expose por- 
tions of the transparent conductive layer, wherein each 
opening defines a pixel region. A channel layer is formed 
on the gate insulator over each gate electrode, and a 
source and a drain is formed on each channel layer to 



complete the fabrication of thin film transistors. An or- 
ganic function layer is formed in each opening, and a pat- 
terned metal electrode layer is formed on each organic 
function layer to serve as the cathode of the OLED, 
wherein the metal electrode layer is electrically connected 
to a corresponding drain. 

[0015] An active-matrix OEL display panel of this invention in- 
cludes a substrate, a transparent conductive layer, a pas- 
sivation layer, thin film transistors, organic function layers 
and metal electrode layers. The transparent conductive 
layer is disposed on the substrate to serve as a common 
anode for all OLEDs, and the passivation layer is disposed 
on the transparent conductive layer with openings therein 
exposing portions of the transparent conductive layer. 
Each opening defines a pixel region, and each TFT includ- 
ing a gate electrode, a source and a drain is disposed on 
the passivation layer accompanied with an opening, while 
all TFTs are arranged in a matrix. Each organic function 
layer is disposed on the transparent conductive layer in an 
opening, and each metal electrode layer is disposed on an 
organic function layer to serve as the cathode of an OLED 
and to electrically connect with a corresponding drain. 

[0016] Another active-matrix OEL display panel of this invention 



includes a substrate, a metal layer, a passivation layer, 
thin film transistors, transparent conductive layers, or- 
ganic function layers and metal electrode layers. The 
metal layer is disposed on the substrate, and the passiva- 
tion layer is disposed on the metal layer. The metal layer 
and the passivation layer have openings therein exposing 
portions of the substrate. Each opening defines a pixel re- 
gion, and each TFT including a gate electrode, a source 
and a drain is disposed on the passivation layer accompa- 
nied with an opening, while all TFTs are arranged in a ma- 
trix. Each transparent conductive layer is disposed on the 
substrate in an opening, each organic function layer is 
disposed on a transparent conductive layer, and each 
metal electrode layer is disposed on an organic function 
layer to serve as the cathode of an OLED and to electrically 
connect a corresponding drain. The metal layer and the 
transparent conductive layer together constitute a com- 
mon anode for all OLEDs. 
[0017] | n t he active-matrix organic electroluminescent display 
panels of this invention and the fabricating methods of 
the same, the organic function layer can be formed by se- 
quentially stacking a hole injection layer, a hole transport- 
ing layer, an emitting layer and an electron transporting 



layer. The metal electrode layer can be formed on the 
electron transporting layer with a sputtering process. 

[0018] Moreover, another passivation layer can be formed on the 
TFTs after the TFTs are formed and before the metal elec- 
trode layers are formed. The additional passivation layer is 
capable of preventing a metal electrode layer from electri- 
cally connecting the source and the drain of the corre- 
sponding TFT when misalignment occurs during the pat- 
terning process of the metal electrode layers. Therefore, it 
is possible to prevent the source and the drain of a TFT 
from being shorted. 

[0019] since the cathode of an OLED is connected with the drain 
of a TFT in the active-matrix OEL display panels of this in- 
vention, the affection of the gate voltage to the current 
through the OLED can be reduced when the voltage across 
the TFT is shifted. Therefore, the stability of the current 
through the OLED can be improved. 

[0020] Moreover, since an OLED in this invention can be formed 
by sequentially stacking a transparent conductive layer, a 
hole injection layer, a hole transporting layer, an emitting 
layer, an electron transporting layer and a metal electrode 
layer, some metal atoms can be driven from the metal 
electrode layer into the electron transporting layer during 



the sputtering process for forming the metal electrode 
layer. Therefore, the efficiency of electron injection in the 
OLED can be enhanced, and the luminescence efficiency of 
the OEL display panel can be improved. 

[0021] | n addition, this invention provides a new type of common 
anode, which consists of transparent conductive layers on 
the pixel regions of the substrate and a metal layer on the 
non-pixel region of the substrate. Therefore, the OEL dis- 
play panel can make bottom light emission, and the elec- 
trical conductivity between the OLEDs can be enhanced 
because the metal layer has a low resistance. 

[0022] it i S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0024] FIG. 1 illustrates a cross-sectional view of a conventional 



active-matrix OEL display element. 

[0025] FIGs. 2A-2F illustrate a process flow of fabricating an ac- 
tive-matrix OEL display panel according to a preferred 
embodiment of this invention in a cross-sectional view. 

[0026] FIG. 3 illustrates a cross-sectional view of an active-ma- 
trix OEL display element according to another preferred 
embodiment of this invention. 

[0027] FIG. 4 illustrates a cross-sectional view of an active-ma- 
trix OEL display element according to still another pre- 
ferred embodiment of this invention. 

[0028] FIG. 5 illustrates a cross-sectional view of an active-ma- 
trix OEL display element according to still another pre- 
ferred embodiment of this invention. 
Detailed Description 

[0029] FIGs. 2A-2F illustrate a process flow of fabricating an ac- 
tive-matrix OEL display panel according to a preferred 
embodiment of this invention in a cross-sectional view. 
Though an OEL display panel has many OEL display ele- 
ments thereon arranged as a matrix, FIGs. 2A-2F illustrate 
the fabrication of only one OEL display element for conve- 
nience. 

[0030] Referring to FIG. 2A, a substrate 200, such as a glass sub- 
strate or a plastic substrate, is provided. A transparent 



conductive layer 228 is formed on the substrate 200 to 
serve as a common anode. The transparent conductive 
layer 228 includes a material such as indium tin oxide 
(ITO) or indium zinc oxide (IZO), and is formed with a 
sputtering process, for example. A blanket passivation 
layer 230, which includes a material such as silicon ni- 
tride, is formed on the transparent conductive layer 228 
with plasma-enhanced chemical vapor deposition 
(PECVD), for example. The passivation layer 230 is formed 
to isolate the transparent conductive layer 228 from sub- 
sequent layers. 

[0031] Referring to FIG. 2B, a gate electrode 202, which is consti- 
tuted of a metallic material like chromium (Cr), tungsten 
(W), tantalum (Ta), titanium (Ti), molybdenum (Mo), alu- 
minum (Al) or an alloy, is formed on the passivation layer 
230. The steps for forming the gate electrode 202 in- 
clude, for example, forming a metal layer (not shown) all 
over the passivation layer 230 and patterning the metal 
layer. Then, a blanket gate insulator 204 is formed cover- 
ing the gate electrode 202 and the passivation layer 230. 
The gate insulator 204 includes a dielectric material such 
as silicon nitride, and is formed with PECVD, for example. 

[0032] Referring to FIG. 2C, an opening 232 is formed in the gate 



insulator 204 and the passivation layer 230 to expose a 
portion of the transparent conductive layer 228 and define 
a pixel region. Thereafter, a channel layer 206 is formed 
on the gate insulator 204 over the gate electrode 202, and 
an ohmic contact layer (not shown) may be further formed 
on the channel layer 206. The material of the channel 
layer 206 is, for example, amorphous silicon (a-Si), and 
the ohmic contact layer includes a conductive material 
such as n + -doped a-Si. 

[0033] Referring to FIG. 2D, a source 208a and a drain 208b are 
formed on the channel layer 206, and a portion of the ex- 
posed channel layer 206 is removed. The gate electrode 
202, the gate insulator 204, the channel layer 206, the 
source 208a and the drain 208b together constitute a thin 
film transistor 210. 

[0034] Referring to FIG. 2E, an organic function layer 226 is 

formed in the opening 232 by, for example, sequentially 
stacking a hole injection layer 224, a hole transporting 
layer 222, an emitting layer 220 and an electron trans- 
porting layer 218. The material of the hole transporting 
layer 222 is, for example, an aromatic amino compound, 
the material of the emitting layer 220 is, for example, a 
luminescent material of metal complex type or fluorescent 



pigment type, and the electron transporting layer 218 in- 
cludes an electron transporting material such as Alq3. 

[0035] Referring to FIG. 2F, a patterned metal electrode layer 216 
is formed on the organic function layer 226. The metal 
electrode layer 216 is, for example, an LiF/AI composite 
layer, and is formed by, for example, depositing a LiF 
layer (not shown) with sputtering or evaporation, deposit- 
ing aluminum (Al) on the LiF layer with a sputtering pro- 
cess, and then patterning the AI/LiF composite layer with 
a mask such as a shadow mask. The metal electrode layer 
216 serves as a cathode of the OLED, and is electrically 
connected to the drain 208b. 

[0036] it is noted that during the sputtering process for deposit- 
ing aluminum, the sputtering energy is capable of driving 
some metal (Li) atoms from the metal electrode layer 216 
into the electron transporting layer 218. The metal (Li) 
atoms bond with the material (such as Alq3) of the elec- 
tron transporting layer 218 to enhance the efficiency of 
electron injection, so that the luminescence efficiency of 
the OEL display panel can be improved. 

[0037] Refer to FIG. 2F for further understanding the structure of 
the OEL display panel of this invention, wherein only one 
OEL display element is illustrated for convenience. The 



OEL display element includes a substrate 200, a transpar- 
ent conductive layer 228, a passivation layer 230, a TFT 
210, an organic function layer 226 and a metal electrode 
layer 216. 

[0038] The transparent conductive layer 228 is disposed on the 
substrate 200 as the anode of the OLED, and includes a 
transparent conductive material such as ITO or IZO. The 
passivation layer 230 is disposed on the transparent con- 
ductive layer 228 with an opening 232 therein exposing a 
portion of the transparent conductive layer 228 to define 
a pixel region. The TFT 210 is disposed on the passivation 
layer 230 beside the opening 232, including at least a 
gate electrode 202, a gate insulator 204, a channel layer 
206, a source 208a and a drain 208b, and the organic 
function layer 226 is disposed on the transparent conduc- 
tive layer 228 in the opening 232. The metal electrode 
layer 216 is disposed on the organic function layer 226 as 
the cathode of the OLED, and is electrically connected to 
the drain 208b. The metal electrode layer 216 is, for ex- 
ample, a LiF/AI composite layer. 

[0039] it is noted that the transparent conductive layer 228 cov- 
ering the substrate 200 before the TFT 210 is formed can 
serve as a common anode for all OLEDs on the substrate 



200. Moreover, the cathode of the OLED is electrically 
connected to the drain 208b of the TFT 2 10 in this em- 
bodiment, so the affection of a gate voltage shift to the 
current through the OLED can be reduced to maintain the 
stability of the current through the OLED. 

[0040] The other preferred embodiments of this invention are 
described as follows. FIG. 3 illustrates a cross-sectional 
view of an active-matrix OEL display element according to 
another preferred embodiment of this invention. The OEL 
display element includes a substrate 200, a metal layer 
236, a passivation layer 230, a transparent conductive 
layer 228, a TFT 210, an organic function layer 226 and a 
metal electrode layer 216. 

[0041] The metal layer 236 is disposed on the substrate 200 as a 
part of the common anode for all OLEDs, and is composed 
of a low-resistance metallic material, for example. The 
metal layer 236 has an opening 238 therein, in which a 
transparent conductive layer 228 is disposed. The metal 
layer 236 and all transparent conductive layers 228 to- 
gether constitute a common anode of the display panel. 
The passivation layer 230 is disposed on the transparent 
conductive layers 228 and the metal layer 236, and has an 
opening 232 therein exposing most of the transparent 



conductive layer 228. The TFT 210 is disposed on the 
passivation layer 230, including a gate electrode 202, a 
gate insulator 204, a channel layer 206, and a pair of 
source 208a and drain 208b that are stacked sequentially. 
The organic function layer 226 and the metal electrode 
layer 216 are sequentially stacked on the transparent con- 
ductive layer 228 in the opening 232, wherein the metal 
electrode layer 216 is electrically connected to the drain 
208b. 

[0042] | t j S noted that the common anode consists of the trans- 
parent conductive layers 228 on the pixel regions of the 
substrate 200 and the metal layer 236 on the non-pixel 
region of the substrate 200. Therefore, the OEL display el- 
ement can make bottom light emission, and the electrical 
conductivity between the OEL display elements can be en- 
hanced. 

[0043] Furthermore, as illustrated in FICs. 4-5, another passiva- 
tion layer 234 may be formed covering the TFT 210 after 
the TFT 210 is formed and before the metal electrode 
layer 216 is defined in the fabricating process of the OEL 
display panel of this invention. Thus, the passivation layer 
234 is situated between the TFT 210 and the metal layer 
to be patterned into the metal electrode layer 216, and is 



therefore capable of preventing the metal electrode layer 
216 from electrically connecting the source 208a and the 
drain 208b when misalignment occurs during the defini- 
tion of the metal electrode layer 216. Consequently, it is 
possible to prevent the source 208a and the drain 208b of 
the TFT 210 from being shorted. 
[0044] Though the above-mentioned preferred embodiments of 
this invention is explained with bottom-gate TFTs, this 
invention is not restricted to use bottom-gate TFTs. The 
bottom-gate TFTs may be replaced by top-gate TFTs fab- 
ricated based on a low-temperature polysilicon (LTPS) 
process. 

[0045] since the cathode of an OLED is connected with the drain 
of a TFT in the active-matrix OEL display panels in this in- 
vention, the affection of the gate voltage to the current 
through the OLED can be reduced when the voltage across 
the TFT is shifted. Therefore, the stability of the current 
through the OLED can be improved. 

[0046] Moreover, since an OLED in this invention can be formed 
by sequentially stacking a transparent conductive layer, a 
hole injection layer, a hole transporting layer, an emitting 
layer, an electron transporting layer and a metal electrode 
layer, some metal atoms can be driven from the metal 



electrode layer into the electron transporting layer during 
the sputtering process for forming the metal electrode 
layer. Therefore, the efficiency of electron injection in the 
OLED can be enhanced, and the luminescence efficiency of 
the OEL display panel can be improved. 

[0047] | n addition, this invention provides a new structure of 

common anode, which consists of transparent conductive 
layers on the pixel regions of the substrate and a metal 
layer on the non-pixel region of the substrate. Therefore, 
the OEL display panel can make bottom light emission, 
and the electrical conductivity between the OLEDs can be 
enhanced because the metal layer has a low resistance. 

[0048] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



